Antibacterial Efficiency of a Composite Spacer Containing Zinc Oxide Nanoparticles  by Ronen, A. et al.
 Procedia Engineering  44 ( 2012 )  581 – 582 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.08.491 
(XURPHPEUDQH&RQIHUHQFH
>2'@
$QWLEDFWHULDOHIILFLHQF\RIDFRPSRVLWHVSDFHUFRQWDLQLQJ]LQFR[LGHQDQRSDUWLFOHV
$5RQHQ56HPLDW&*'RVRUHW]
7HFKQLRQ,VUDHO
,QWURGXFWLRQ
%LRIRXOLQJ DQG LWV FRQWURO LV DQ DFXWH SUREOHP LQ ZDWHU WUHDWPHQW V\VWHPV LQ JHQHUDO DQG LQ
PHPEUDQHVHSDUDWLRQSURFHVVHVLQSDUWLFXODU%LRILOPVGHYHORSGHVSLWHWKHXVHRISUHWUHDWPHQW
V\VWHPV DQG WKH DGGLWLRQ RI ELRFLGHV %LRIRXOLQJ RFFXUULQJ LQPHPEUDQH V\VWHPVPD\ FDXVH
VHYHUHORVVRISHUIRUPDQFHGHWHULRUDWHSURGXFWTXDOLW\DQGLQFUHDVHRSHUDWLRQDOFRVWV
6SLUDOZRXQGUHYHUVHRVPRVLVPHPEUDQHVHSDUDWLRQPRGXOHVKDYHDXQLTXHVWUXFWXUHGXH WR
WKH QHHG IRU PHPEUDQH KLJK VXUIDFH DUHD DQG FRPSDFW YROXPH LQ WRWDO $GKHVLRQ EHWZHHQ
DGMDFHQWPHPEUDQHVKHHWVDQGIORZFRQWUROLVGRQHE\PHDQVRIDVHSDUDWLRQJULGLHVSDFHU
ORFDWHG LQ EHWZHHQ VKHHWV 7KH VSDFHU KHOSV WR PDLQWDLQ D TXDVLWXUEXOHQW IORZ DW ORZ D[LDO
YHORFLWLHV WKLV GHFUHDVHV WKH FRQFHQWUDWLRQ SRODUL]DWLRQ SKHQRPHQD 3UHYLRXV VWUDWHJLHV IRU
ELRIRXOLQJSUHYHQWLRQDUHEDVHGRQJHQHUDWLQJDQWLEDFWHULDOPHPEUDQHVE\PRGLILFDWLRQRI WKH
PHPEUDQHSRO\PHU7KLVVWUDWHJ\UHTXLUHVDWDLORUPDGHVROXWLRQIRUHDFKGLIIHUHQWSRO\PHU,Q
DGGLWLRQPRVWFKDQJHVRIWKHDFWLYHVXUIDFHUHVXOWVLQFKDQJHVLQSHUPHDELOLW\DQGVHOHFWLYLW\RI
WKH PHPEUDQHV 7KH ZRUN UHSRUWHG KHUH RIIHUV D JHQHULF VROXWLRQ ZLWKRXW FKDQJLQJ WKH
PHPEUDQHSURSHUWLHVE\DWWDFNLQJWKHSUREOHPIURPWKHIHHGVSDFHUVLGH
3UHYLRXV UHVHDUFK VKRZV WKDW \HDVW FHOOV LQVHUWHG LQWR D IORZLQJ V\VWHP LQLWLDOO\ DWWDFK WR WKH
VSDFHU VSHFLILFDOO\ WR WKH FRQWDFW SRLQWV RI WKH VSDFHU DQGPHPEUDQH )XUWKHUPRUH LW ZDV
VKRZQWKDWDWODPLQDUUHJLPHIORZVWUHDPHUVJURZWKLVWULJJHUHGDWDUHDVGLVWXUELQJIORZHJ
DURXQGFRUQHUVRIGLIIHUHQWVKDSHV7KHLQIOXHQFHRIURXQGHGVWUXFWXUHVRQELRILOPGHYHORSPHQW
PD\ EH VLPLODU WR WKH VSDFHUV LQIOXHQFH WKHUHIRUH HQDEOLQJ WKH LQLWLDO IRUPDWLRQ RI EDFWHULD
GHYHORSPHQW
7KHUDSLGGHYHORSPHQWLQWKHQDQRPDWHULDOVDUHQDRSHQVDZLQGRZIRUXVDJHRIQDQRSDUWLFOHV
ZLWK XQLTXH DQWLEDFWHULDO SURSHUWLHV ,QRUJDQLF QDQRSDUWLFOHV QS VXFK DV ]LQF R[LGH =Q2
H[KLELW VWURQJDQWLEDFWHULDO DFWLYLWLHVRQDEURDGVSHFWUXPRIEDFWHULDHYHQZKHQPL[HGZLWKLQ
SRO\PHUV7KHQDQRSDUWLFOHVFDQHLWKHUGLUHFWO\LQWHUDFWZLWKWKHPLFURELDOFHOOVHJLQWHUUXSWLQJ
WUDQV PHPEUDQH HOHFWURQ WUDQVIHU GLVUXSWLQJSHQHWUDWLQJ WKH FHOO HQYHORSH R[LGL]LQJ FHOO
FRPSRQHQWV RU SURGXFLQJ VHFRQGDU\ SURGXFWV HJ UHDFWLYH R[\JHQ VSHFLHV 526 RU
GLVVROYHG KHDY\PHWDO LRQV WKDW FDQ FDXVH GDPDJH2XU UHVHDUFK IRFXV RQ WKH XVH RI =Q2
QDQRSDUWLFOHV=Q2QSGXHWRWKHLUDQWLEDFWHULDODFWLYLW\DQGQRQWR[LFLW\SURSHUWLHV
0HWKRGV
0RGLILFDWLRQRIDFRPPHUFLDOSRO\SURS\OHQH33VSDFHUZDVGRQHE\VRQRFKHPLFDOGHSRVLWLRQ
%HIRUHWKHPRGLILFDWLRQWKHVSDFHUZDVFOHDQHGXVLQJDQXOWUDVRQLFFOHDQLQJEDWK1H[WLWZDV
LPPHUVHGLQDVROXWLRQRI=LQFQLWUDWHKH[DK\GUDWH0DQGXOWUDVRQLFDWHGXVLQJDKRUQWLS
9LEUD &HOO VRQLFDWRU :FP  .+] DW FRQWUROOHG WHPSHUDWXUH IRU  KRXUV 7KHPRGLILHG
VSDFHU ZDV SK\VLFDOO\ FKDUDFWHUL]HG E\ KLJK UHVROXWLRQ 6FDQQLQJ (OHFWURQ 0LFURVFRS\
+56(0 (QHUJ\GLVSHUVLYH ;UD\ VSHFWURVFRS\ DQG $WRPLF )RUFH 0LFURVFRS\ ZKLOH LWV
DQWLEDFWHULDO DELOLWLHV LQ VWDWLF DQG EDWFK FRQGLWLRQV ZHUH HYDOXDWHG XVLQJ D PRGHO EDFWHULD
SVHXGRPRQDVSXWLGD6E\LQKLELWLRQ]RQHLQDJDUSODWHVDQGGLUHFWFRQWDFWLQOLTXLGPHGLD
)ORZDQGILOWUDWLRQFRQGLWLRQVZHUHHYDOXDWHGE\WHVWLQJSHUPHDWHIOX[RIPHPEUDQHVDGMDFHQWWR
WKHPRGLILHGVSDFHUDQGE\IXUWKHUDQDO\VLVRIWKHPHPEUDQHVE\+56(0DQG&RQIRFDO/DVHU
6FDQQLQJ0LFURVFRS\&/60

5HVXOWV
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
582   A. Ronen et al. /  Procedia Engineering  44 ( 2012 )  581 – 582 
+56(0PLFURJUDSKVRIDPRGLILHG33VSDFHUUHYHDOHGWKHSUHVHQFHRI=Q2QSRQWKHVXUIDFH
=Q2GLVWULEXWLRQRQWKHVXUIDFHIROORZVDFRQWLQXRXVDQGUHJXODUSDWWHUQZLWKORZURXJKQHVVDQG
WKH GLVWDQFH EHWZHHQ QS UHVXOWV YHU\ VPDOO QDQR VFDOH 7KH DQWLEDFWHULDO DELOLWLHV LQ VWDWLF
FRQGLWLRQVZHUH WHVWHG E\ WKH LQKLELWLRQ ]RQHPHWKRGRQ /%DJDU SODWHV$ FOHDULQJ LQKLELWLRQ
]RQHZLWKDUDGLXVRIDERXWPPFRXOGEHVHHQDURXQGWKHVDPSOHSURYLQJWKHDQWLEDFWHULDO
LQIOXHQFHFRPSDUHGWRWKHFRQWUROXQPRGLILHGVSDFHUZLWKRXW=Q2QS
7KH DELOLW\ RI WKHPRGLILHG VSDFHU WR VXSSUHVV ELRILOP IRUPDWLRQ ZDV IXUWKHU WHVWHG LQ D IORZ
WKURXJKFHOOV\VWHP$FURVVIORZH[SHULPHQWDOFHOOFRQWDLQLQJ WKHPRGLILHGIHHGVSDFHUDQGD
 N'D SRO\VXOIRQH PHPEUDQH ZDV VHWXS LQ IORZWKURXJK V\VWHP ([SHULPHQW UXQV ZHUH
SHUIRUPHGLQODPLQDUUHJLPH5HaZLWK&)8P/RI3SXWLGDIRUKRXU7KHFRQWURO
IORZFHOO LQFOXGHGDVLPLODUDUUD\ZLWKDQXQPRGLILHG33 IHHGVSDFHU ZLWKRXW=Q2QS$W WKH
HQGRI WKH UXQV WKH VSDFHUZDV UHPRYHGDQG WKHPHPEUDQHVZHUH LPDJHGE\+56(0DQG
&/60+56(0PLFURJUDSKVRIWKHFRQWUROPHPEUDQHDGMDFHQWWRWKH33VSDFHUILOPUHYHDOHG
D GHYHORSHG ELRILOP LQ D FRPSOH[ ' VWUXFWXUH ,PDJHV RI WKH PHPEUDQH DGMDFHQW WR WKH
PRGLILHG VSDFHU H[KLELW RQO\ VPDOO SDWFKHV RI EDFWHULD DWWDFKHG WR WKH VXUIDFH ,W VKRXOG EH
QRWHGWKDWPRVWRIWKHEDFWHULDDUHVSRUDGLFDOO\DWWDFKHGRQWKHVXUIDFHLQDPRQROD\HUIDVKLRQ
7KH VLJQLILFDQW DQWLELRIXOLQJ HIIHFW RI =Q2 FRDWHG VSDFHUV LV GHSLFWHG E\ GHDGOLYH &/60
VWDLQLQJVKRZLQJWKDWLQWKHFRQWUROPRVWFHOOVZHUHLQOLYLQJVWDWHLQDELRILOPVWUXFWXUHZKHUHDV
WKHDWWDFKHGEDFWHULDLQWKHFDVHRIWKHFRDWHGVSDFHUZHUHLQGHDGVWDWH)LJ

)LJXUH&/60PLFURJUDSKVRISRO\VXOIRQHPHPEUDQH.'DIWHUKRXUVRIH[SRVXUHWR
IORZ ZLWK  &)8PO ZLWK DQ DGMDFHQW VSDFHU $ 0HPEUDQH RQ QRQFRDWHG 33 VSDFHU
FRQWURO %0HPEUDQHRQFRDWHG33VSDFHU/LYHEDFWHULDZHUHVWDLQHGZLWK6\WRJUHHQ
'HDGEDFWHULDZHUHVWDLQHGZLWK3,UHG
'LVFXVVLRQ
$VIORZFRQGLWLRQVDQGORZQXWULHQWVLQWKHIHHGIORZHQFRXUDJHELRILOPGHYHORSPHQWRXUUHVXOWV
UHLQIRUFHWKHDELOLW\RIWKHPRGLILHGVSDFHUWRVXSSUHVVLW%DFWHULDIRXQGRQWKHPHPEUDQHZHUH
PRVWO\LQGHDGVWDWHDQGLQDPRQROD\HUVWUXFWXUH0RUHRYHUWKHQRUPDOL]HGIOX[PHDVXUHPHQWV
VKRZHGDQ LPSURYHPHQWFRPSDUHGWRWKHFRQWUROGXHWRWKHSUHVHQFHRI WKHPRGLILHGVSDFHU
7RFRQFOXGHXVHRIDPRGLILHGVSDFHULQVHSDUDWLRQPRGXOHVFRXOGLQFUHDVHWKHLUOLIHVSDQDQG
GHFUHDVHWKHQHHGIRUWUHDWPHQWDQGFOHDQLQJ
5HIHUHQFHV
 *LPPHOVKWHLQ0	6HPLDW5
 5XVFRQL5HWDO
 5RQHQ$HWDO%DUFHORQD
.H\ZRUGV6SDFHU=LQF2[LGH1DQRSDUWLFOHV%LRIRXOLQJ

